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核酸在 pH 4-11 带负电，具有很强的和阳离子酞菁结合的能力，本文以阳离





























Cationic phthalocyanines are novel phthalocynanine compounds developed in 
recent years. Compared with hydrophobic phthalocyanine compounds, cationic 
phthalocyanines are water-soluble, because of the introduction of cationic moieties in 
the peripheral benzene rings.  Fluorescent cationic phthalocyanine compounds are 
chemically stable and emits in the red-region with a high fluorescence quantum yield, 
with the advantages of reducing the interference from background fluorescence and 
scattered light, thus has great potential for applying in scientific research as a 
fluorescent probe. It was found that cationic phthalocyanines are easily to interact 
with anionic biomacromolecules, leading to evidently variation in fluorescence 
behavior, which shows trhe potential of being used as molecular probes for 
determination biomacromolecules. 
This thesis consists of four chapters. 
In chapter 1, the molecular structure and characteristics of phthalocyanine 
compounds were introduced. The new developments in the applications of 
phthalocyanines were reviewed. The main point was focused on their applications in 
fluorescent analysis.  
In chapter 2, cationic phthalocyanines were synthesized and purified. The 
fluorescence behaviors of these compounds were investigated.  
In chapter 3, the possibility of cationic phthalocyanine compounds employed as 
fluorescent probe for the detection of nucleic acids were investigated, the results 
revealed that cationic aluminum phthalocynine had the potential in quantitative 
determination of nucleic acids. 
In the final chapter, other water-soluble phthalocyanine compounds synthesized 
in this work were introduced.  Besides, preliminary results of using catioic 
phthalocyanines as novel fluorescent probes for imaging in vivo were presented. 
















摘 要 ..........................................................................................Ⅰ 
ABSTRACT ................................................................................ II 
第一章 绪论 ................................................................................. 1 








2.1 酞菁做为荧光探针的应用 ......................................................................................14 
2.2 酞菁做为光敏剂的应用 ..........................................................................................14 
2.3 酞菁在催化方面的应用 ..........................................................................................15 
2.4 论文设计思路..........................................................................................................16 
参考文献 ..............................................................................................................................17 
第二章  阳离子酞菁的合成及其基本性质考察........................... 21 
第一节 引言 .......................................................................................................................21 
第二节 实验部分 ..............................................................................................................21 
2.1 试剂与仪器...............................................................................................................21 
2.2 3-硝基邻苯二甲腈、4-硝基邻苯二甲腈的提纯[13][14][15] .......................................22 
2.3 3-硝基锌酞菁和 4-硝基锌酞菁的合成[17][18][19] ......................................................23 
2.4 3-氨基锌酞菁和 4-氨基锌酞菁的合成[17][19][20][21]..................................................24 
2.5 四取代三甲基碘化铵锌酞菁的合成 ......................................................................24 
2.6 3-硝基铝酞菁和 4-硝基铝酞菁的合成 ...................................................................25 
2.7  3-氨基铝酞菁及 4-氨基铝酞菁的合成[2] [3] .........................................................26 




3.3 酞菁化合物的荧光光谱表征 ..................................................................................33 
结论 .......................................................................................................................................37 
参考文献 ..............................................................................................................................38 
第三章 阳离子酞菁荧光猝灭法测定小牛胸腺 DNA ..................... 40 






















第四章 金属酞菁合成与应用的其他工作 ..................................... 50 
第一节 引言 .......................................................................................................................50 







































Abstract in Chinese………………………………….…………………………Ⅰ 
Abstract in English………………………………….…………………………Ⅱ 
Chapter 1 Introduction ................................................................. 1 
Section 1 Introduction of Phthalocyanines .................................................................1 
1.1 The structure of porphyrins ..................................................................................1 
1.2 History of phthalocyanines...................................................................................1 
1.3 The structure of phthalocyanine ..........................................................................2 
1.4 Phthalocyanines with charge................................................................................3 
1.5 Synthesis of phthalocyanines...............................................................................5 
1.6 Spectroscopic Properties of Phthalocyanines.................................................12 
Section II Application of phthalocyanines ................................................................13 
2.1 Application of Phthalocyanines used as Fluorescence Probe .....................21  
2.2 Application of phthalocyanines used as photosensitizer..............................14 
2.3 The applications of phthalocyanines in catalysis...........................................15 
2.4 Paper Design .........................................................................................................16 
References ...........................................................................................................................17 
Chapter 2 Synthesis of cationic phthalocyanine and its basic 
characteristics ............................................................................21 
Section 1 Introduction .....................................................................................................21 
Section 2 Experimental .................................................................................................21 
2.1 Reagents and Instruments ...................................................................................21 
2.2 Purification of 3（4）-nitrophthalonitrile ....................................................22 
2.3 Synthesis of Tetra(Tri)nitrophthalocyanato Zinc .........................................23 
2.4 Synthesis of Tetra(Tri) aminophthalocyanato Zinc .......................................24 
2.5 Synthesis of Tetra(trimethylammonio) phthalocyanato Zinc .....................24  
2.6 Synthesis of Tetra(Tri)nitrophthalocyanato Aluminum................................25 
2.7 Synthesis of Tetra(Tri) aminophthalocyanato Aluminum ..........................26  
2.8 Synthesis of Tetra(trimethylammonio) phthalocyanato Aluminum.........26  
Section 3 Results and discussion...................................................................................27 
3.1 The synthesis .........................................................................................................27  
3.2 Characterization by UV-Vis spectroscopy ......................................................28 
3.3 Characterization by fluorescence spectroscopy .............................................33 
Conclusions .........................................................................................................................37 
References ...........................................................................................................................38 















quenching using cationic phthalocyanine as a probe...................... 40  
Section 1 Experimental .................................................................................................40 
3.1 Reagents and Instruments...................................................................................40 
3.2 Principle .................................................................................................................41 
3.3 Preparation of solution ......................................................................................42 
3.4 Methods..................................................................................................................43 
3.5 Results and discussion.........................................................................................44 
Conclusions .........................................................................................................................48 
References ...........................................................................................................................49 
Chapter 4 Other invesitgations on the synthesis and application of 
metal phthalocyanines..................................................................50 
Section 1 Introduction .....................................................................................................50 
Section 2 Experimental .................................................................................................51 
2.1 Reagents ...................................................................................................................51 
2.2 Instruments ............................................................................................................52 
2.3 Experimental animals ..........................................................................................52 
2.4 Synthesis ................................................................................................................52 
2.5 In vivo imaging of small animals......................................................................55 
2.6 Results and discussion.........................................................................................56 
2.7 Result and discussion of the imaging in vivo.................................................57 

























































































Fig.1-2 Molecular structure of phthalocyanine compounds. 
 
图1-3 三明治型夹心双酞菁分子结构示意图 
Fig.1-3 Molecular structure of triple-decker Phthalocyanine compounds 
1.4 带有电荷的酞菁化合物 





















Fig.1-4 Molecular structure of Zinc phthalocyanine tetrasulphonic acid 





































1.5.1 空心酞菁的合成  
空心酞菁（Metal-Free Phthalocyanine）即中心没有金属原子配位的酞菁
































1.5.2.1 按原料分类  

























图 1-8 四聚缩合法合成酞菁的路线 
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